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Abstract

Introduction:

Calciphylaxis, also known as calcific uremic arteriolopathy, is a rare disorder that presents
with painful, necrotic, ischemic skin and tissue lesions resulting from reduced blood flow.
Most often noted in patients with end-stage renal disease (ESRD) who are undergoing
hemodialysis, it is highly lethal and poorly understood. While there is no recognized
standard of care for treatment, sodium thiosulfate (STS) injections and hyperbaric oxygen
therapy (HBOT) are often trialed in addition to standard evidence-based wound care.

Methods:

A 64-year old male patient with ESRD, on hemodialysis (HD) 3 times weekly, presented
with multiple large, necrotic, painful, eschar-covered wounds to his lower extremities in
the setting of significant edema, present for 5-months. The wounds were previously
diagnosed as calciphylaxis by punch biopsy. The patient did not tolerate intralesional STS
injections or compression garments secondary to pain, and refused HBOT due to time
constraints from his thrice weekly HD. The patient agreed to daily Intermittent Topical
Oxygen Therapy (ITOT), in which he applied a sleeve over his lower legs with an occlusive
seal that filled with hyper concentrated oxygen for 90-minutes daily. The ITOT was an
adjunctive therapy, enabling the wound care team to continue applying and revising
primary dressing plans throughout the treatment course, which included sharp
debridement every 1-2 weeks, with antimicrobial absorbent primary and secondary
dressings changed every 2-3 days. Primary and secondary dressings were not removed
during ITOT therapy.

Results:

The patient reported decreased wound pain, and all wounds were completely re-
epithelialized after 118 days. The patient continued applying the ITOT daily, and at last
follow-up on day 366, the wounds remained closed with no recurrence or new lesions.

Discussion:

Calciphylaxis continues to present a devastating and difficult-to-treat wound disorder.
These results demonstrate a safe and user-friendly adjunct therapy that can supplement
evidence-driven wound care in devastating cases of calciphylaxis, without disrupting
basic wound care goals such as debridement and bioburden management. As the
mechanism of action in topical oxygen and hyperbaric oxygen diverges, these results
support further investigation to determine if ITOT provides a basis for which treatment
can be built upon in calciphylaxis patients.

Oxygen and Wound Healing

Calciphylaxis

Calciphylaxis is a rare, dangerous, and poorly understood condition that results in
painful, ischemic, necrotic skin lesions. Sometimes, pain will precede these lesions. This
most commonly occurs in patients with end stage renal disease (ESRD) on hemodialysis,
however, exceptional cases do occur in patients without renal disease. Calciphylaxis has a
high rate of mortality, ranging 40-80% in the literature!, and death is mostly caused by
secondary infection. The eschar-covered lesions are a result of ischemia caused by
calcification, fibrosis, and thrombus formation in the arterioles and capillaries of the
dermis and subcutaneous tissue?. Diagnosis is typically clinical, however biopsy findings
can confirm diagnosis and include arteriolar calcification, subintimal fibrosis, and
thrombotic occlusion, often requiring special stains such as von Kossa or Alizarin red3.
Some variables that are thought to contribute to vessel calcification in calciphylaxis
include comorbid conditions including autoimmune disease and malignancy, chronic
kidney disease-mineral bone disorder, hyperparathyroidism, vitamin D administration,
irregularities in calcium, phosphate, medication regimen, inhibitors of vascular
calcification, and chronic inflammation. Treatments targeting these features will
sometimes benefit patients, however there are still no definitive guidelines for
calciphylaxis treatment. Typically, the initial approach includes pain control, wound care,
and managing risk factors. Other common components of treatment include sodium
thiosulfate, parathyroidectomy, surgical debridement, and hyperbaric oxygen therapy
(HBOT).

Oxygen is a critical component that is required during all phases of wound healing®.
In HBOT sessions, patients breath in concentrated, 100% oxygen at high pressures?,
increasing dissolved oxygen in the plasma and thereby increasing oxygen delivery to the
wound. Wound HBOT is typically prescribed daily for 30 minutes or more, for at least 3
weeks. HBOT is currently considered second-line for recalcitrant calciphylaxis. High cost
and frequency of treatments create obstacles for patients, especially those already
attending thrice weekly hemodialysis. Furthermore, there are numerous absolute and
relative contraindications to HBOT, including but not limited to untreated pneumothorax,
COPD, incompatible implanted devices, seizure disorders, eustachian tube dysfunction,
claustrophobia, and insulin-dependent diabetes.

Alternatively, intermittent Topical Oxygen Therapy (ITOT) provides an excellent
option for oxygen therapy that is effective, more affordable, and accessible. This is a
portable product that the patient operates independently, in their own home,
recommended 90 minutes daily, five times a week. During the therapy, the patient
applies a patch or sleeve over the wound. The patch or sleeve connects to a small
oxygen concentrator that concentrates oxygen from air, an oxygen tank is not required.
The concentrated oxygen fills the patch or sleeve, delivering oxygen via non-contact,
adjustable cyclical compression. In cases with significant pain, the compression firmness
can be reduced and adjusted as pain improves. Studies show that the partial pressure of
oxygen in the wound tissue increased by 10-fold after only 4 minutes of treatment.
Furthermore, wound recurrence was significantly reduced with continued use of the
ITOT after wound closure®. This therapy only requires a gas-permeable dressing, so the
oxygen sleeve or patch can be applied directly over intact dressings with no need for
dressing change or wound care at the time of daily therapy.

Fig 1. Example of ITOT setup.

Future Directions

ITOT provides a user friendly, effective, and accessible wound oxygen therapy. Here,
we demonstrate that employment of ITOT as an adjunctive therapy for calciphylaxis
wound treatment, in a patient who declined HBOT, contributed to swift, successful
wound closure and pain relief. Continued use of ITOT after wound closure also has
prevented recurrence in this patient 1+ year after wound closure. Continued exploration
of ITOT in additional cases of calciphylaxis and non-uremic calciphylaxis, as well as other
ischemic wound etiologies is warranted. Furthermore, as the mechanisms of ITOT is
independent of oxygen intake in the lungs, it would provide valuable information to
explore the efficacy of ITOT vs HBOT for wound therapy in patients with gas-exchange
diseases such as COPD or asthma, which are relative contraindications in HBOT.
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ITOT Oxygen Sleeve started within 14 days of initial presentation.
REGIMEN: Oxygen therapy daily for 90 minutes to one leg, alternating legs each day. Each leg received 3-4

days of 90 minutes therapy each week. Sharp debridement every 1-2 weeks with local wound care.
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Fig. 2. Progression of calciphylaxi wounds treated with ITOT + local debridement and
wound care.
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